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ERRATUM 

On page 8, beginning at the 12th line from the bottom, the paragraph 
should read: 

“Probably the most significant finding presented to the subcommit- 
tee was that civil defense preparedness could reduce the fatalities of 
the assumed attack on the United States from approximately 25 
percent of the population to about 3 percent. The provision of shield- 
ing against radiation effects would at the same time protect against 
blast and thermal effects for the vast majority of the population.” 
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The resources of the Atomic Energy Commission, its personnel and 
unclassified publications, were made available by Chairman McCone 
and were of great value to the subcommittee. 

The subcommittee also utilized a mass of unclassified data furnished 
by other governmental and private sources on the effects of radiation. 
A special mention of appreciation is due Dr. Paul Tompkins and his 
associates of the U.S. Naval Radiological Defense Laboratory. Much 
of the basic data presented at the hearings was derived from the work 
of the USNRDL, and Dr. Tompkins and his staff consulted freely 
with the subcommittee throughout the hearings and during the prep- 
aration of this report. 

The witnesses presenting testimony were selected on the basis of 
their competence and experience in the different fields of nuclear 
phenomena, with particular emphasis on nuclear weapons effects. 

In the biomedical field the subcommittee received testimony from 
those scientists and technical personnel having the broadest experience 
in laboratory work on test animals and in the treatment of human 
beings exposed to radiation at Hiroshima and Nagasaki and in the 
accidental contamination of the Marshall Islands. 

For the consideration of structural damage from blast and fire and 
of other weapons effects, outstanding authorities presented their find- 
ings and the latest available scientific data. 

The weather patterns and other meteorological data for the date of 
the hypothetical attack were established by experts of the U.S. 
Weather Bureau, supported by their worldwide organization. 

The reader is encouraged to examine the full testimony and support- 
ing data of each witness in the printed record of the hearings. In this 
report the subcommittee has endeavored to present a faithful and 
concise summary of the data and to highlight the key issues for the 
convenience of the public and the Congress. Naturally, these data 
and issues are more completely set forth in the verbatim hearing 
record. 

II. Summary 

THE HYPOTHETICAL ATTACK 

The hypothetical attack set forth by the subcommittee assumed 
that 263 nuclear weapons in 1, 2, 3, 8, and 10 megaton sizes with a 
total yield of 1,446 megatons 6 were detonated on 224 targets within 
the United States. An additional 2,500 megatons were assumed to 
have been detonated elsewhere in the Northern Hemisphere in attacks 
on overseas U.S. bases and in retaliation against the aggressor home- 
land. All weapons were arbitrarily designated as having a yield of 
50 percent fission and 50 percent fusion. A weapon with 50 percent 
fission yield is one in which 50 percent of the total energy (yield) is 
derived from the fission process. Nuclear fission refers to the splitting 
of heavy atoms such as uranium and is the primary source of con- 
tamination of radioactive fallout particles. 

5 A 1-megaton bomb ha s the same explosive energy release as 1 million tons of TNT. The Hiroshima 
bomb yield was estimated at 20,000 tons of TNT, or 20 kilotons. 
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CASUALTIES AND DAMAGE TO DWELLINGS 

The expert testimony and supporting scientific data presented at 
the subcommittee hearings indicate that under present conditions such 
an attack would have cost the lives of approximately 50 million 
Americans, with some 20 million others sustaining serious injuries. 
More than one-fourth (11.8 million) of the dwellings in the United 
States would have been destroyed and nearly 10 million others would 
have been damaged. Some 13 million additional homes would have 
been severely contaminated by radioactive fallout. Altogether, 
approximately 50 percent of existing dwellings in the United States 
would have been destroyed or rendered unuseable for a period of 
several months. 

Although the weapon detonations used in this exercise were desig- 
nated as surface bursts, which would maximize the local radioactive 
fallout hazard, nearly 75 percent of the deaths would have resulted 
from the blast and thermal effects, combined with immediate radiation 
effects. Only 25 percent of all fatalities would have resulted from 
fallout. At the same time, more than half of the surviving injured 
would have radiation injuries. 

Most of the damage sustained by dwellings would have resulted from 
the blast and thermal effects. 

BIOLOGICAL EFFECTS 

The three casualty-producing phenomena of nuclear weapons — 
blast, thermal, and radiation — occur in varying combinations, depend- 
ing on proximity to the point of detonation. At close range one would 
encounter all three, including fallout radiation as well as immediate 
radiation from the fireball. 

1. Blast effects 

Blast produces primary effects resulting from the blast wave itself 
(lung damage, rupture of eardrums) ; secondary effects, resulting from 
flying fragments (loose debris, building materials) propelled with 
great force by the blast wave; and tertiary effects, resulting from the 
body itself being thrown violently by the blast wave. In addition, 
miscellaneous injuries will result from conditions created by the blast 
on surrounding objects (e.g., broken gas mains, downed power lines). 

Approximately 95 percent of the blast casualties produced bv a 
10-megaton weapon will result from the secondary ana tertiary blast 
effects. For this size weapon the secondary effects are important to a 
distance of 11 miles; the tertiary effects can occur to distances of from 
7 to 16 miles. 

2. Thermal effects 

Thermal effects consist of fires caused by direct ignition of com- 
bustible materials, skin bums on exposed portions of the body, and 
temporary or permanent blindness from the mtense light of the fireball. 

In the hypothetical attack situation posed by the subcommittee, 
thermal effects, including the hazard of mass fires (“fire storms”), 
could extend over large areas, in some cases up to distances of 20 to 
25 miles from the point of detonation. 
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8. Radiation effects 

The most severe form of radiation injury, under conditions of nu- 
clear war, would be that resulting from severe exposure to the primary 
radiation “flash” (close to ground zero) or that attending whole body 
exposure to close-in fallout during the first day or so. However, 
severe irradiation could occur as a result of prolonged exposure to 
local fallout even after the first day unless survivors were provided 
with adequate shelter protection. Direct contaminatiou of the skin 
with fallout debris could produce painful “beta bums” due to the ac- 
tion of beta rays irradiating the skin and outer layers of the body 
surface. In addition, there is an internal hazard of radioactive ma- 
terial which gains entry into the body through inhalation, ingestion, 
or through open wounds. 

(1) Acute effects . — Instantaneous radiation doses of 5,000 roentgens 
or greater immediately produce symptoms of shock; death occurs with- 
in hours. 

Radiation doses of 1,000 to 5,000 roentgens produce nausea and 
vomiting, fever and general fatigue within a few hours. Temporary 
recovery is followed within 1 or 2 weeks by reappearance of symptoms 
and probable death. 

Exposure to doses of 200 to 1,000 roentgens causes nausea and 
vomiting within a few hours and in the period of from 2 to 4 weeks 
after exposure major changes will occur in the composition of the 
blood, rendering the body particularly susceptible to infections during 
this time. Approximately one-half of those exposed at the level of 
450 to 700 roentgens would be expected to recover if not subjected 
to additional physical stress or radiation. The other one-half would 
die within 2 to 4 months. Probability of recovery increases greatly 
at levels below 450 roentgens. 

Radiation doses of 200 roentgens or less will produce only mild 
symptoms of nausea and vomiting. Changes in the blood may occur 
later, but individuals so exposed usually will not require hospitaliza- 
tion. 

(2) Effects of •protracted radiation . — Higher radiation doses can be 
tolerated by the body without developing symptoms of acute radia- 
tion illness if exposure is spread over a longer period of time. Ap- 
proximately 90 percent biological recovery can occur with continued 
or repeated exposures, but the remaining 10 percent nonrepairable 
injury may produce late effects, such as cancer, over a period 20 years 
or more. 

When only a part of the body is exposed, the ability to recover is 
greatly increased. For example, the exposure of a person’s legs alone 
to 500 roentgens of radiation would not result in a lethal dose. 

The probability of increasing the incidence of leukemia and other 
types of cancer is considered proportional to the average total radia- 
tion dose sustained by the surviving population. Potential deaths 
from this cause are estimated as about 2 percent of the deaths attrib- 
utable to acute radiation injury. These deaths will be spread out over 
a period of decades since it is a characteristic of radiation-induced 
cancer to be long delayed after incidence of injury. 

(3) Skin bums from fallout . — Skin burns can be caused by beta 
rays from the fallout particles coming in direct contact with the skin. 
However, very large doses of beta radiation are required to produce 
severe burns, and the particles may be removed from the skin by good 
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fallout decontamination would be required to reduce the strontium 90 
content of the soil to a level acceptable for production of some food 
crops and milk. 

S. Long-term environmental effects 

Although much remains to be learned about the long-range impact 
of a nuclear war on “the balance of nature,” the concensus of the 
testimony was that, despite the severe shock, life would continue and 
full ecological recovery would eventually occur. 

ADDITIONAL DATA ON RADIOACTIVE FALLOUT 

Several additional factors presented to the subcommittee with 
respect to radioactive fallout are considered highly important. 

(1) The worldwide strontium 90 fallout resulting from the assumed 
attack would not pose a major survival problem in countries not 
attacked. The level of strontium 90 deposited from long-term fallout 
would be higher than the maximum permissible concentration rec- 
ommended for the population as a whole on a peacetime standard, 
but lower than the recommended maximum permissible occupational 
dose under controlled conditions. 

(2) The actual release of gamma radiation energy from fission prod- 
ucts differs significantly from that represented by the standard for- 
mula (t -1 -* rule) contained in the official Government publication, 
“The Effects of Nuclear Weapons.” New calculations indicate that 
early dose rates will be of greater intensity than previously believed 
and that over a long period of time the rate of decline will be more 
rapid. While the problem of immediate survival in a nuclear war is 
thus increased, the problem of long-term recovery is reduced. 

(3) Local fallout is significantly affected by wind and weather. 
Actual fallout contours will differ markedly from the idealized cigar- 
shaped patterns normally used as a basis of estimating fallout effects. 
Moreover, peak fallout intensities will almost never occur at or near 
the point of weapon detonation. For example, the maximum fallout 
intensity for a weapon of a 5- to 10-megaton yield may appear at a 
distance as great as 60 to 70 miles from the point of detonation. 

SURVIVAL MEASURES 

Probably the most significant finding presented to the subcom- 
mittee was that civil defense preparedness could reduce the casualties 
of the assumed attack on the United States from approximately 30 
percent of the population to about 3 percent. The provision of shield- 
ing against radiation effects would at the same time protect against 
blast and thermal effects for the vast majority of the population. 

The cost of providing high-performance shelter protection for 200 
million people was estimated at between $5 billion and $20 billion. 

The main conclusion presented to the subcommittee was that the 
country must have a national radiological defense system if the Nation 
is to withstand and recover from an attack of the scale which is pos- 
sible in an all-out nuclear war. 
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STRATEGIC IMPLICATIONS 

In the course of the hearings the subcommittee received testimony 
on some of the strategic implications of the scientific data presented. 
A digest of this testimony and related panel commentary is included 
in an addendum to the report. 

III. The Attack Pattern and Basic Assumptions 

The attack pattern and basic assumptions established by the sub- 
committee for consideration in these hearings reflected an attack 
against the United States on a limited scale. That is, the number 
and total megatonnage of weapons employed were less than the maxi- 
mum which a potential enemy is capable of launching against the 
United States. 

At the same time, the pattern of the hypothetical attack was de- 
signed for a greater dispersion of weapons than would obtain in a 
so-called “limited” attack directed only against U.S. strategic offensive 
forces. 

Although no classified information was utilized and the attack pat- 
tern was developed without assistance from any governmental agency, 
the realism of the assumptions was confirmed at the request of the 
subcommittee by competent military experts. 

The targets in the United States were selected on the basis of 
criteria used by the Office of Civil and Defense Mobilization in its 
unclassified civil defense exercises and from published lists of military 
bases and Atomic Energy Commission installations. 

The hypothetical attack consisted of 263 nuclear weapons delivered 
on 224 targets in the United States. The total megatonnage (millions 
of tons of TNT explosive equivalent) of the attack was 1,446, con- 
sisting of weapons ranging in size from 1 megaton to 10 megatons, as 
indicated in the following table: 



Table III — 1. — Weight of the attack 



Size of weapon 


Number 

used 


Weight of 
attack 
(megatons) 


10 megatons . _ ___ _ _ 


60 


600 


8 megatons _ __ ___ 


74 


692 


3 megatons . _ _ 


44 


132 


2 megatons _ _ _ _ _ _ _ _ _ . . _ - 


37 


74 


1 megaton _ _ _ . 


48 


48 


Total 


263 


1,446 





Of the 224 targets, 71 were large industrial and population centers 
officially designated by the OCDM as “Critical Target Areas.” Mili- 
tary installations constituted an additional 132 targets and the re- 
maining 21 targets were Atomic Energy Commission facilities. 

The following table indicates the dispersion of weapons among the 
several classes of targets: 
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Table III — 2. — Targets of the attack 



Type of target 


Number ; 


Number of 
weapons 


Weight 

(megatons) 


Air Force installations 


111 


111 


645 


Critical target areas . _ ___ 


71 


110 


667 


AFC installations ., .. ___ 


21 


21 


168 


Army installations 


12 


12 


24 


Navy installations _ _ 


5 


5 


28 


Marine Corps installations - - 


4 


4 


14 








Total 


224 


263 


1,446 







All weapons were arbitrarily designated as 50 percent fission and 
50 percent fusion weapons detonated at ground level, that is, with 
the fireball touching the earth’s surface. Each weapon was assumed 
to have been detonated at or near its specified target by using a 
standard statistical method for random bombing errors. 

The total of 1,446 megatons was considered the yield of the weapons 
detonated, not the gross attack which the aggressor force might have 
launched initially, and no attempt was made to “war game” the 
overall problem of weapon delivery, interception, and retaliation. 

For purposes of computing worldwide fallout and its effects for a 
period of 5 years after the attack, again without war gaming, it was 
assumed that 2,500 megatons of weapons were detonated on areas of 
the Northern Hemisphere outside the continental United States, rep- 
resenting the net result of attacks on U.S. overseas bases and U.S. 
retaliatory strikes against the aggressor homeland. 

The general distribution of targets in the United States is illustrated 
on the map in figure III — 1. 

The time of the hypothetical attack was set at 12 noon Greenwich 
time (7 a.m. eastern standard time) on a typical October day, which 
assumes completed harvest and storage of food crops in the aggressor 
homeland. The actual weather conditions used in plotting fallout 
patterns and determining the effects of meteorological factors were 
those recorded for October 17, 1958, a typical fall day. It was nec- 
essary to select a particular day in the past in order to provide the 
weather data for accurate calculations. 

IV. Basic Effects of Weapons Employed 

As indicated above, the weapons employed in the hypothetical 
attack assumptions consisted of 50 percent fission and 50 percent 
fusion weapons ranging in size from 1 to 10 megatons, all detonated 
at ground level. The following data concerning the basic effects of 
these weapons were presented at the subcommittee hearings. Later 
sections of this report will discuss the biological and environmental 
effects of these weapons in greater detail. 

1. Partition of energy in a nuclear explosion 

About 35 percent of the total energy of a nuclear explosion is given 
off as radiant thermal energy or heat, in much the same way as the 
sun radiates heat. Another 50 percent of the bomb energy is contained 
in the blast wave that travels several times the speed of sound. About 
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Surface burst. — A surface burst is one in which the fireball intersects 
the surface. (See fig. IV-2.) Local fallout is maximized in a surface 
burst. A crater is formed in the vicinity of the burst and is highly 
radioactive. The range of thermal and nuclear radiation effects is 
reduced by the natural shielding of hills and buildings. 

Figure IV-2 




S. Nuclear weapons effects on materials and structures 

(1) Blast. — Multistory brick apartment houses are quite vulnerable 
to the blast wave. All such structures would be destroyed within a 
radius of 7 miles from ground zero for a 10-megaton weapon and within 
3 miles for a 1-megaton burst. Thus, a factor of 10 in yield changes 
the radius of destruction by about a factor of 2. 

A well-constructed wood-frame house completely collapses within 
9 miles from a 10-megaton surface burst and within 4 miles of a 
1-megaton burst. 

(2) Thermal. — Fires can be started by the ignition of light kindling 
materials anywhere within about 9 miles from a 1-megaton burst and 
within 25 miles from a 10-megaton burst. Thus, the presence of light 
kindling materials, such as trash, paper, and unpainted wood in a 
residential area will probably result in widespread fires. 

(3) Nuclear radiation. — Initial nuclear radiation and fallout have 
very little effect on most inanimate materials. However, fallout can 
deny the use of inanimate objects to man until they are decontami- 
nated by removing the radioactive particles. 

(4) Crater. — Such hard structures as underground installations are 
quite invulnerable to the other effects, but can be destroyed by the 
cratering effect of a surface burst. (See fig. IV-3.) The damage 
would not be confined to just the crater dimensions, but would extend 
also into the rupture zone, a region having a diameter about twice the 



